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1 
This application is a continuation-in-part of 
my co-pending application Serial No. 453,083, 
flled Ju]y 31, 1942, now abandoned. 
The present invention relates to the produc- 
tion of chlorine by the oxidation of hydrogen 5 
chloride in the presence of a suitable catalyst. 
Although not limited thereto, the invention is 
especially advantageous when used for the re- 
covery or regeneration of chlorine from hydro- 
gon chloride produced asa by-product in various 10 
known processes such as the chlorination of or- 
ganic compounds or the pyrolysis or hydrolysis 
of organic chlorides. One general type of or- 
ganic reaction il exemplifled by the following 
generalized equations, wherein R represents an 15 
organic radical suchas the methyl, phenyl or 
benzyl group: 
(1) RH÷Ch=RCI÷HC1 (chlorination) 
(2) RC1 ÷I-I20----ROI-I÷HC1  (hydrolysis) 20 
(3) 2HCI÷ ½02;CI÷I-O 
Adding the above three ecluations, the netre- 
action is 
(4) RH÷ /20 -ROH 25 
By the above series of. reactions,-methylalcohol, 
phenol or benzylalcohol woud be.. poduced: rom 
methane, benzene and. toluene, respectively. 
Similar reactions may be used for the produc- 
tion of a!dehydes or organic acids. Thus benz- 30 
aldehyde or benzoic acid maY be produced, re- 
spectively, from toluene by the f011owing 
actions: 
(5) C6Hs  CH3 ÷2C12--C6I  CI-ICI.÷2HCI 35 
(6) CeHs  CI-ICh ÷ I-I20- CsI-Is. CHO ÷ 2I-IC1 
(7) CHs- CI-I3 ÷ 3Ch --CI.- CCI ÷ 3HC1 
(8) CI-I6" CC13 ÷ 2I-I20 CI-Is. COOH÷ 3HC1 
40 
Another important application is the produc- 
tion of dioleRnes from mono-oleRnes through 
the intermediate addition of chlorine to the 
mono-olene fo form the dichloride, and the 
iubsecluint pyrolysis of the dichloride-to the di- 45 
oleFlne and hydrogen chloride. A good example 
of this process il the production of butadiene 
from normal butene-2'through the intermediate 
formation of 2.3 dichtorbutane, 
(9) CI--C;C--CI ÷Ch- 50 
CI--CC]--CHC1--ClïI3 
(10) CI-I--CC1--CCI--CI-I__--. 
CI----- CH--CH-- CI-I2÷2 HC1 (PYrolysis)' 
In all cases the economical operation of these 5 
processes requires that- the hydrogen chloride be 
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2 
reoxidized fo chlorine according fo Equation 3, 
commonly known as the "Deacon" process. 
This reaction is strongly exothermic and pro- 
ceeds with the liberation of 27.4 kilogram cal- 
ories per grain mol of oxygen consumed in the 
reaction. Suitable catalysts such as copper 
chloride are customarfly employed fo accelerate 
the reaction. I-Ieretofore, this process bas usual- 
ly been carried out by passing a mixture of 
drogen chloride gas and air through a reaction 
chamber containing a stationary or fixed bed of 
the catalyst consisting of co.pper chloride sup- 
ported on an inert carrier such as porous bricks. 
When thus performed, considerable difliculties 
bave arisen in the process in connection with 
such factors as, () temperature control, due to 
the highly exothermic character of the reaction, 
(b). the high temperatures necessary fo secure 
a desirable rate of reaction, («) the tendency of 
the copper salts used in the catalyst fo volatilize 
at the high riaction temperatures with the con- 
sequent loss of these copper salts from the system 
with the gaseous reaction products, and () the 
separation of chlorine in satisfactory yield and 
purity from the reaction products. 
The primary purpose of the present invention 
is fo provide a process for the production of 
chlorine by the catalytic oxidation of hydrogen 
chloride wherein these defects and disadvan- 
rages are largely or entirely eliminated. 
Another objec of my invention is fo provide a 
process wherein the catalyst particles are cir- 
culated in the catalytic conversion zone in such 
mariner as to facilitate temperature control. 
A further object of the invention is fo provide 
a process wherein the particles of catalyst 
and/or inert carrier from the conversion zone 
are cyclically circulated for conversion tempera- 
ture control and catalyst regeneration. 
A further object of the invention is the pro- 
vision of a process wherein pure oxygen or a gas 
relatively rich in oxygen may be advantageously 
and economically used. 
In the present process, the feed mixture of hy 
drogen chloride gas and oxygen-containing gas is 
contacted with catalytic particles which are 
maintained in a state of constant movement in 
the reaction zone, instead of being passed 
through a fixed bed oï the catalytic material as 
in previous practice. In ifs preferred aspect, i.t 
is contemplated that the process will be prac- 
ticed by introducing particles of the catalytio 
material into. a conversion zone through which 
the feed mixture of hydrogen chloride gas and 
oxygen-containing gas will fiow upwardly in inti 
mate contact with the catalytic particles. The 
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velocity of the gases is adjusted so as to maintain 
the solid particles in a dense turbulent phase 
which may appropriately be described as being 
"pseudo-liquid" in character. The velocity of 
the gas mixture in its travel upwards through the 
reaction zone is maintained within relatively low 
limits, the velocity being sufficiently low to per- 
mit the particles to forma relatively dense phase 
but nevertheless sufliciently high to malntain the 
particles in a highly turbulent condition cha.rac - 
terized by an extensive amount of "internal re- 
cycle" of the particles throughout the conversion 
zone. By virtue of this "infernal recycle," a 
comparatively uniform temperature is main- 
tained throughout the dense phase. The par- 
ticular velocity employed is dependent upon the 
physical characteristics of the catalyst particles 
such as size, shape and density. These factors 
in turn determine the rate at which a particle of 
given characteristics would fall in a still body of 
the gaseous mixture, the latter property being 
designated herein as the "free settling rate" of 
the particle. 
The dense phase of catalytic particles main- 
tained in the conversion zone in the practice of 
my invention has various properties resembling 
those of a liquid. For instance by extending a 
"well-type" opening, which may be a pipe, up- 
wards into the dense phase and below ifs upper 
leveI the solid particles can be withdrawn directly 
from the dense phase separately from the gas 
component. The particles may thus be with- 
drawn downwardly through the pipe by gravi- 
metric flow in a manner analogous to that in 
which a Iiquid is withdrawn from a vessel. The 
internaI recycling of the solid particles, which 
occurs throughout the dense phase, serves to 
maintain the dense phase ata substantially uni- 
form temperature despite the large quantity of 
heat evolved by the oxidation of the hydrogen 
chloride and regardless of the rnagnitude of the 
reaction occurring in various portions of the 
dense phase, thereby largely preventing the for- 
mation of "hot spots" in the catalytic material 
which "hot spots" are characteristic of the re- 
action when effected in the OExed catalyst bed 
type of operation. The effect of the internal re- 
cycling of catalyst particles in the dense phase is 
thus somewhat analogous to the circulation pro- 
duced in a body of liquid through stirring, either 
mechanically or by aeration with a suitable gas, 
whereby the liquid is maintained ata uniform 
temperature during heating. 
The catalytic particles are preferably intro- 
duced into the conversion zone with a fairly fine 
degree of particle size. A large proportion of the 
particles may be 100 microns or smaller in their 
largest diameter, although larger particles may 
be employed dependent upon the particular gas 
velocity maintained. In-order to maintain the 
desired turbulent pseudo-liquid phase, itis- con- 
sidered important to introduce at least a certain 
proportion of particles of such nature that they 
wilI have a free settling rate which will permit 
their being carried out of the dense phase in true 
suspension or entrainment in the product gas at 
the velocity maintained in the conversion zone. 
The dense catalyst phase may be composed en- 
tirely of such small, light particles. In this case 
the dense pseudo-liquid phase will gradually de- 
crease and will eventually disappear from the 
conversion zone if the flow of the gas is con- 
tinued without suitable provision either for sepa- 
rating and returning the entrained particles to 
the dense phase, or for replacing them by the 
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addition of corresponding amounts of fresh 
catalyst particles to the conversion zone. 
A further feature of the process in its pre- 
ferred aspects, resides in the withdrawal of a 
5 portion of hot catalyst particles from the conq 
version zone and the circulation of the with 
draçï pa-ticles through an external cooling 
zone back to the dense phase, for the purpose of 
temperature control therein. 
t0 An additional preferred feature of the process 
resides in the introduction of the oxidizing gas 
component of the feed mixture as substantially 
pure oxygen in place of the air which is normally 
used, the oxygen in air being necessarily diluted 
15 with nitrogen fo the extent of about 80% by vol- 
ume. The use of substantially pure oxygen is 
feasible in my process by reason of the simple 
and accurate temperature control provided, and 
is advantageous in that it makes possible the re- 
20 covery of chlorine in substantially, pure condi- 
tion by retatively inexpensive recovery methods. 
A further preferred feature of the process re- 
sides in .the provision of means for recovering 
catalytic material which may be volatilized dur- 
25 ing the course of the reaction and will thus be 
carried out of the conversion zone by reason of 
the high temperature maintained and the vola- 
tile character of the catalyst. 
Another feature of the invention consists in the 
30 maintenance of the feed mixture of hydrogen 
chloride gas and oxygen in certain controlled 
proportions resulting.in definite advantages with 
respect to the yields of chlorine and the recovery 
.. of chlorine from the mixture of product gases. 
35 Various other features and advantages of my 
invention will be apparent from the following 
detailed description thereof in connection with 
the appended drawings wherein: 
Figure t illustrates the process flow and a 
4O suitable diagrammatic arrangement of apparatus 
for effecting the catalytic conversion: 
Figure 2 is a view similar to Figure t of mod- 
ifled embodiments; and 
Figure 3 illustrates a complete process flow 
4 including un]ts for feed preparation and prod- 
uct recovery and also a modifled tYPe of cata- 
lytic conversion system. 
In Figure 1 the principal elements are a ver- 
tically elongatèd cylindrical catalytic reactor or 
6{} converter 1 having means ai the bottom portion 
thereof for introducing the feed mixture of 
hydrogen chloride gas and oxygen-containing air 
and catalytic particles, suitable means for sep- 
arating catalytic particles carried out of the con- 
$6 verter with the product gas including a catalyst 
settler-vapor cooler 2, a cyclone separator 3 and 
a final separator 4 such as a Cottrell precipitator, 
a catalyst surge hopper 5 for coIlecting the cata- 
, lyst particles separated from the product gases 
{} in the Cottrell precipitator 4 and suitable means 
such as a standpipe 6 for transferring the cata- 
lytic particles to a gaseous comportent of the 
feed. 
The particles of catalytic material may be 
 itially supplied to the system at any one of 
various convenient points, for example, to cham- 
ber 2 or to the caalyst surge hopper 5 through 
the valved in]et 7. From hopper  the catalytic 
 particles are fed by standpipe 6 to reactor in]et 
70 line 6. Oxygen or. a suitable oxygen-containing 
gas is introduced through line 6 and picks up 
and carries the solid particles in suspension 
through this line to the bottom portion of the 
reactor. The oxygen introduced through line 6 
6 may sutably consist of oxygen introduced from 
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 any. suitable source by,: compressor 9, and this 
 gas may .also .include ;recycled oxygen_ gas. sup- 
plied through line 8.and-derived from:asubse TM 
 quent- portion.ofthe reaction system as described 
in connection with Figure. 3. .The required 
amount of hydrogen-chloride gas As supplied 
 directly to the -reactor .through line ! ! or :it may 
be first'injected-into line 8. 
The .dimensions of reactor | ure-so designed 
-with respect to:the quantity of gas suppliêd.«there- 
to, or vice versa, that. the-velocity of hhe gas 
mixture in traveling upwardly-£hrough .'the 
reactor is maintained at a relatively .lowvalue 
adapted to produce the:dense pseudo;liquid=phase 
of the catalyst described above..The velocity .of 
the gaseous mixture forma given:quantity-of feed 
.gas is of course dependent .upon the cross-sec- 
tional area of the  reaction" zone. Norlnal]y; "the 
dense phase of .the catalyst  particles _exhïbits 
a fairly definite horizontal level .indicated by 
the dotted line 12 in the rèaction zone. Thespace 
above this level contains a relativelF lòw con- 
centration or "dispersed" phase-o .the catalFtic 
particles and thespace below this Ievel down to 
the upper side of the lower distibuting ..Plate 
12' forming the bottom of the-reaction zone, 
consists of the .dense rturbulent, pseudo-liquid 
phase. It has been ascertained tht for a giron 
set of operating conditions such. äs -the main- 
tenance of a particular gas vëlocity and"feed:]o 
 rate of cata]ytic particles, :that the ]evel 12.oc- 
curs at a defmite distance below the ourlet. 13 
for £he product vapors. Accordingly, the reactor 
is ruade of a suitable height-to-provide the 
quired depth of dense-phase ard. contact rime 
of the reactor vapors, with .he densephase 
catalyst. A certain portion of the catalytic par- 
ticles is-constantly carried out .of the dense 
phase, identified as zoneB, into ]the upper dis- 
persed phase, identified as zoneA» and a certain 
proportion of the particles-in, zone -A. is- carried 
 out of the reactor through line ]3. In the 'type 
of reaction system shown in :Figure 1/I-preter 
to provide the upper catalyst dsengaging-space, 
zone A, of a suflïcient height t0 minimize .theç45 
quantity of catalytic particles -carried out 6f 
the reactor with the product gases through 
oitlet line | 3. 
Dependent upon the pàrticle size character- 
istics o the catalFst particles employed, the up-"0 
ward velocity of the gas mixture maintained-in 
the conversion zone is of a-relatively low order, 
normally less than six feet per-second (super- 
ficial velocity) and usally in therange of bout 
one-half to six feet per sec0nd,-preferablF about 
one to three feet per second. Velocities of about 
one-half to three feet per seCond.have-been as- 
certained to be generally suitable with polered 
catalytic material consisting enirely or largelF 
of fine particles of 100 microns or-smal]er .in 60 
the largest dimension, such as, for example 
about .0 microns. 
By a suitable correlation of he gas Velocity 
and particle size of the catalyst, which may 
readily determined bF a few experimental runs, 
the desired dense pseudo-liquid .phase is pro- 
duced, charcterized by extensive internal-re- 
cycling of he catalFtic particles thronghout"the 
dense phase. A further characteristic of this 
dense phase is its capacity for fiov-similar to 
a liquid. Thus, for example, the catalFtic par- 
ticles may be withdrawn directlyfrom the:dense 
phase by.a "well-type" opening I. shown b a 
dotted line extending upward]y, intothe dense. 
phase zone B so as to form,with part Of "the 

wall.of .the:reactor, acatalyst withdrawal pas- 
.sageway :having_ its upper opening spaced below 
.the.upper ievel 2 ofzone B and-its loweï open- 
:ing:leading into standpipe  5. Through line 6' 
-a:non-corrosive stripping and aeration fluid, 
"v¢hich may:be oxygen; steam, or a mixture there- 
of, may be distributed upwardly through the 
-.withdrawn .catlyst" particles in catalyst well 4 
to:maintuin the catalyst in a "fluidized" con- 
.dition ..whfle zsimultaneously stripping corrosive 
reaction ,products ..therefrom. The position of 
the uPPer level 2 of zone B accordingly, if de- 
 sired, maybe-adjusted by withdrawing catalyst 
:particles from the dense phase through catalyst 
well"| and standpipe | at a rate regulated by 
-valve |6 and by-regulating the introduction of 
cooled catalyst through :standpipe  by valve 
8. Duetto theextensiveinternal .recycle of the 
:catalyst:particles, in .the .dense phase bed of 
 zone:B, £he temperature thereof and concentra- 
:tion of :the catalytic agent therein is maintained 
substantially .uniform despite the large quantity 
 Of :heat ':evolved by the oxidation of the I-ICI 
and:regardlesS.of the extent to which the ïeac- 
tion-proceeds in-the -various portions of the 
'dense: phase zone. 
The"product gases consist of chlorine, waer 
vapor, and any unreacted 'hydrogen chloride gas 
 and oxygen, together ïwith any diluent such as 
nitrogen introduced as an oxygen impurity in 
.the -food. mixture. This mixture passes through 
line  3.to a suitable separator; such as the settler- 
vapor coolerChamber , wherein the entrained 
catalytic .particles are largely separated. Cham- 
.ber  .is a vertical..chamber arranged in series 
.with the reactor andconnected .with the latter 
by line  through .which the product gases and 
cataly .are transferred from zone A. Chamber 
2 may suitably:-be-.of :the saine general propor- 
:tions and configuration, as the reactor but is pref- 
'erably of a somewhat .larger cross-sectional area 
-oeffect a corresponding reduction in the veloc- 
 ity of vapors in their travel therethrough which 
decreases the tendency of the paricles of cata- 
lyst to:pass out overhead With the vapors through 
.the :oerhead:withdrawal line . The velocity 
of th.gases .passing through chamber  is pref- 
erably suchas to maintain a .bed of catalyst par- 
.tiles.therein, Identified as zone C, in a dense 
turbulent pseudo-liquid phase of the saine gon- 
oral character as. that maintained in the reactor 
-I. and-also-.having a dispersed phase of catalys 
particlesabove ifs upper tevel 2. The bed of 
-eata]yst particles.in zoneC may be maintained at 
a-:.dezired lower temperature by any suitable 
meani such as cooling coils,-or other suitable heat 
transfer.raeansdisposed directly therein. How- 
ever, a preferred:method of maintaining a lower 
desired ..temperature .cOmprises a procedure, as 
shown'in Figure 1, whereby catalyst particles are 
withdram from.zone B of reactor  through a 
standpipe . , aerated by a fiuid injected through 
'line . The rate offiow of catalyst through 
the :standpipe is controlled by valve . From 
sZandpipe ,'the catalyst is circulated to an ex- 
ternal-cooler.22 by -line :25, suspended in a car- 
rier fluid which may suitably be oxygen, hydro- 
gon chloride or a recycle gas, and thon passed 
by]ine 2.5' to transfer line , wherein it quickly 
reduces.the product vapors and the small amount 
f suspended catalyst from reactor- to the de- 
sired temperature. Cooler 22 may consist of a 
conventional type. of tubular heat exchanger 
through Which a cooling .medium is. circulated 
by"means of inlet pipe $ and oltlet pipe 2. 
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Additional catalyst may be circulated from zone 
C through the standpipe ! 7, the rate of flow being 
controlled therethrough by a plug-type valve 18, 
to the reactor for the purpose of replenishing 
catalyst supply in the reactor and for tempera- 
ture control therein. Aeration fluid for this 
standpipe is supplied through line . 
Pursuant fo the foregoing process flow, vola- 
tilized catatyst carried out of the conversion zone 
through line 13 is condensed on particles of 
inert catalyst carrier material in zone C and 
eventualty returned to the conversion zone 
through standpipe 17. The temperature main- 
tained in the dense phase catalyst bed of zone 
C may suitably be of the order of 600°-750 ° F. 
compared with a temperature of about 850°-900 ° 
F. in the dense phase Catalyst bed of zone B 
in reactor . In addition to ïecovering vilatilized 
catalyst, further conversion of hydrogen chloride 
te chlorine may be effected during the passage 
of the product vapors through zone C since the 
lower temperatures maintained 'therein are ther- 
modynalnically more favorable foï the produc- 
tion of chlorine than are the higher tempera- 
tures maintained in the conversion zone, al- 
though reaction velocity is less favorable af lower 
temperatures than at the higher temperatures 
as maintained in the conversion zone. 
teturning now to the vapors withdrawn from 
chamber 2 through line 19. These vapors are 
passed through cyclone separator 3 wherein 
trained catalyst particles are largely separated. 
These separated particles are returned to the 
dense phase catalyst bed of zone C by tailpipe, 
or dip-leg, 27 extending down through chamber 
2 and terminating in zone C. From cyclone sep- 
arator 3 the vapors pass through line 28 to 
cooler 29 wherein their temperature is lowered 
but not below the temperature suflicient to con- 
dense any of the reactant components of the 
vapors, for example to about 0O ° F. The cooled 
vapors then pass throughline. 30 to a final sep- 
arator, the Cottretl precipitator 4, wherein the 
residual quantity of suspended catalyst parti- 
clos is separated from the vapors. The sepa- 
rated catatyst particles are transferred from the 
precipitator by valved line 81 into collecting hop- 
per 5 and then are transferred by means of stand- 
pipe 6 to the reactor inlet line 8. The product 
vapors are withdrawn frein the Cottrell sep- 
arator 4 by line 32 to a suitable recovery system, 
as described in connection with the following de- 
scription for Figure 3. Catalyst flowing through 
standpipe 6, ata rate regulated by valve 33, is 
suitably aerated to effect proper flow conditions 
by injection of an aeration fluid into the stand- 
pipe through the aeration line 34. Vent line 
serves to remove vapors ïrom hopper 
Figure 2 illustrates a modified embodiment of 
the catalytic reaction system generally similar to 
that shown in Figure 1 but embodying an alter- 
nate means for withdrawing hot particles of cata- 
lyst from the conversion zone, recycling these 
particles through a cooler zone and back to the 
conversion zone ïoï catalyst recovery purposes 
and also embodying a modifled type of cooting 
the catalyst in said cooler zone. The figure like- 
wise illustrates a modified embodiment of the 
catalytic reaction system embodying the addi- 
tional ïeature of means for temperature control 
in the conversion zone by introducing the feed 
mixture of hydrogen chloride and oxygen ata 
suitably low temperature to absorb the excess 
heat required to maintain the desired reaction 
temperature. Elements oï Figure 2 generally cor- 

8 
responding in their structure and function to oie- 
ments described in cormection with Figure 1, are 
designated by corïesponding refeïence numeïals. 
The feed mixtureof hydrogen chloride and 
5 oxygen is introduced into the dense phase bed 
af zone B ai a relatively low temperature, suit- 
ably about atmospheric, and hence serves to 
absorb heat after its injection into the conversion 
zone of reactor I, in excess of that required to 
10 maintain the desired reaction temperature suit- 
ably about 650 ° F. to 1000 ° F. and preferably 
750 ° F. to 900 ° F., for example, 850 F. In order to 
provide the desired temperature control, the 
oxygen-containing component of the feed mix- 
15 ture may be supplied in excess of that stoichio- 
metrically required for the reaction according to 
the Equation 3 heretofore mentioned. This feed 
component is employed because if is desirable with 
a catalyst of the cupric chloride type to provide 
20 for an appreciable concentration of oxygen at 
all tilnes in the reacting vapors to prevent the 
catalyst from having a tendency fo be reduced 
fo its cuprous state. If is preferable, therefore, 
to employ a ratio of hydrogen chloride fo oxygen 
25 in the feed from 1/1 to 4/1 by volume, for ex- 
ample, of the order of 1.7 fo 1. 
The reactor I and chamber 2 illustrated in 
Figure 2 are generally similar in structure and 
function fo reactor I and chamber 2 of Figure 1 
30 such as, for example, chamber 2 again is provided 
with a relatively enlarged cross-sectional area 
compared with that of reactor I whereby a de- 
crease in velocity of the gases passing from the 
latter fo the dense catalyst phase of the former 
35 vesselis produced and the separation of the solid 
particles from the product vapors thereby facili- 
tated. A ïeature of this arrangement resides in 
the circulation of a cooling liquid through a coil 
in the dense phase catalyst bed of chamber 2, 
40 entering the coil through line 36 and leaving by 
line 37, by means of which the temperature of 
said bed is controlled af a suitably lower rem- 
. perature whereby the product vapors and catalyst 
particles are cooled and the volatilized catalytic 
."4 agent condensed on the particles of inert carrier. 
A portion oï the catalyst particles may be with- 
drawn from the dense catalyst phase of chamber 
2 to line 8 through standpipe 38, which has ifs 
upper opening 39 directly in the dense cataIyst 
.{} phase, ata rate regulated by valve 40 and circu- 
lated back to the conversion zone. To these cir- 
culated catalyst particles ïrom chamber 2 may 
be added catalyst particles separated in the 
Cottrell separator 4, the .latter particles being 
'M transferred back to the conversion zone by way 
of hopper 5, standpipe 8 and line 8. Inasmuch as 
the catalyst flowing through standpipe 38 is ata 
temperature substantially below conversion tem- 
perature the heat absorptive capacity of the 
{}{} catalyst particles are utilized fo aid the temper- 
ature control function of the feed mixture. 
Figure 3 illustrates a complete process flow in- 
cluding a further modified embodiment of the 
catalytic conversion system, and also including 
{} suitable apparatus for preparation of the feed 
stock and apparatus for the recovery and separa- 
tion of the chlorine product. 
The catalytic reaction system illustrated in 
Figure 3 includes the feature of recycling a pot- 
70 tion of the circulated catalytic particles through 
an external cooling zone and returning them to 
the conversion zone for temperature control 
therein, and also the additional feature of utiliz- 
ing a bed of the circulated particles maintained 
in ai a relatively low temperature for the conden- 
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sation and recovery of-.volatilized portions of the 
catalFtic materialcarried out of. thereaction zone 
with the product gases,  Elements of Figure 3 
correspondinggenerally .to thoSe described in 
connection with:the previous figures as designated. 5 
by corresponding numerais. 
In this fiow hydrogen, chloride, designated aiso 
as HC1, is supplied to the system as a solution in 
water in. a ïairly concentrated, condition, for 
example about 32%. The feed isintroduced ïrom 
storage tank 5! bY pump 52.through line 53. 
A supplernentary amount of HC1 solution derived 
frorn the product recovery system may be intro- 
duced to line 53 by line 54. From. line 3 the 
solution passes to HC1 gas .stripper 5: Heat is 
supplied to stripper 55 by meansoï reboiler 
disposed in the lower .portion thereof, 'and HC1 
gas and some water are'removed as vapor over- 
head fr0m the top of the stripper tower through 
line 57 The overhead gases, are. cooled in con- 20 
denser 55 and enter the reflux drum 59 ïrom which 
any condensate, consisting, of a solution of HC1 
inwater is refluxed back:to stripper 55  through 
line 
The uncondensed vapors consisting essentially 25 
of I-ICI with a trace oï water suchas 2% or less, 
arethen introduced to the lower portion of the 
catalytic reactor through line . The liquid 
leaving the bottom of  the stripper wfll bea con- 
stant boiling.mixture of  HC1 and-water contain- 30 
ing approximately 18 to 20 % HC1. This constant 
boiling mixture is coolid in cooler 5 : and trans- 
ïerred by pump 62 through line . 53 a..portin 
thereof being withdrawn:from the system through 
line 64 a.nd a further portion transferred through 35 
line 55 to the hydrogen chloride absorber 56. In 
the event it ii desired to recoer-the HC1 con- 
stituent of the constant boiling mixture in line 
63i this material may be dehydrated by any suit- 
able meani, but preferably by being introduced 40 
to an azeotrope-breakin tower or dehydrator, 
6 and contacted therein, with HSOI-IO  solu 
tion. removed from the bot0m, of- the chlorine 
dehydrating tower 68,by line 69. After employ- 
ment in the dehYdrating operation the 45 
HSO--HO 
solution is. taken through line. ï0 t0 undergo 
reconcentration stop ïor acid recovery. Inasmuch 
as the HC1 is recovered overhead, from the azeo- 
trope-breaking tower through.line  ! as substan 50 
tially dehydrated HC1 containing 2% or. less- 
water, it may be added to. the HC1. feed stock 
flowing-through line .! | to the conversion zone, 
The oxygen required foz the reacton, may be 
55 
supplied as atmospheric air.. or as purified oxygen 
more or less nitrogen-free. Any nitrogen or other .. 
inert gas introduced along-with the oxygen is' 
vented îrom the system, usually, after the re- 
moval of the chlorine product  Some.. chlor.ine 
will, of course, normally be lost in the-.vent, gas 
but the amount will be..relatively insimificant 
unless a large quantitY of. nitrogen is inroduced 
into .the- process and is prescrit iï. thè, ventgas 
Such ctil0rine can be recovered 0nIy by Cotty 
treatments, of thevent gas and. in view ofthis . 
it is dèsirable to. empl0y oxYgen'enriched air,/or 
preferably, substantially pure oxygen 
Oxygen is supplied from any suitable source, 
such as a Lmde-Frankl" unit by blower or coin- 70 
pressor 72 through line 3 to manifold line 
Part of the oxygen fi0ws through line 5 and is 
used to recycle catalyst suppliedthrough stand- 
pipe  from the overhea d settler-vapor cooler 
chamber 2 through the o01er ,andPart-is.in 75 

jecte@ to line  to transfer catalyst fr0m stand- 
pipes 6 and. 3 back to reactor . A portion of 
the oxygen may be supplied through line. 5 for 
injection into line  just ahead of the inlet from 
standpipe 3.  The-.oxygen supplF from line 
is. augmented by recycle oxygen entering line 
from:line 
The practice of the process is fèasible utilizing. 
a. range of .proportions ïor the hydrogen chlo,- 
. ride and oxygen-containing gas in the feed mix- 
ture. Also, the oxygen may be supplied in the 
ïeed.mixture either as.air or as substant!allypure 
oxygen.. The propoztions of - hydrogen chloride 
gas and oxygen inthe feed mixture; for example,  
may:be,those, stoichiometrically, required, for the 
reaction, namely, four parts Of hydrogen chloride 
to.one part of oxygen, or proportions departing 
from these. In the present fllustratiie example, 
itis preferred to use a relatively ligh oxygen 
concentzation in the feed mixture. For this. rea- 
son', while the hydrogen chloride fo oxygen ratio 
may be.within the range of 4:1 t 1:1, itis prefer- 
able to conluct the conversion with the-hydrogen 
chloride to oxygen ratio in the feed within the 
range of 2:1 to.1.5:1. 
The.pressure maintained in the gas ourlet from 
the reactor may suitably be atmospheric, or iome- 
what higher than atmospheri, for example, 
about 10 to. 15. pounds per square inch gauge, or 
higher, thereby providing a sufficient pressure to 
force the produCts through the subsequent 
rating and recoery units. Somewhat higher con- 
versions may be produced by even higher pres- 
sures, and pressures at about 100 pounds per 
square.inch.gauge, are hot excluded: Whfle this. 
dvantage of high conversions may be offsèt by 
additional- cost of pressure equiprnent in some in- 
stances conversion of the HC1 with oxygen in a 
fiuidized, catàlyst  system unde such high pres- 
sure.onditions can be deemed feasible. The tem- 
perature maintained in the dense fluidized cata- 
lyst. phase, in reactor ! may suitably be of the 
order of about 750 to 900 ° F.: While the lower 
temperature ranges are thermodynamically more 
favòräblefor the production of chlorine than are 
the higher temperature ranges, the reaction 
vel0citFis less favorable. Hence, it becomes ex- 
peditious to conduct the conversion reactionS at 
the.lowest..temperature at which reasonably fast 
reaCti0n velocitïes are obtained, for example,, at 
about 8507 F. Pursuant fo the presentlY de- 
scribed  Process it is preferable to conduct the re- 
action at about 0% HC1 conversion, Since the 
operation is conducted so that conversion is hot 
complete, the described provision is ruade in the 
products recovery system for separating.the chlo- 
rine product from" water, oxygen and HC1 with 
which it is mixed in the reactor effluent. 
"Gas contact timè" designates the rime taken 
for-a molecule of the gaseous reactants to pass 
up-.through the dense phaseof Catalyst particles 
and hence is dependent upon the maintained 
values of gas velocity anddepth.of the dense cta- 
lyst phas: This contact rime may. vary over. 
. faily, w}de tiroirs consistent with the production 
of.reasonably-satisfactory conversions. However., 
in gon.oral, C0.tact.time within the range of about 
10 tO 3.0 seconds are ' preferred.  The .powdered 
cata!.yt!c rnt_eril- preferablF .consists entirely oz 
largF o{ indiscriminately sized fine particles of' 
10Ç-!çrçs or, smaller in theiz largeSt dimension 
and.- wi}h.-.such . si.zed . catàlyst particles superficial 
vapor ve10ç}ies are suitably maintained in  
range oï about onehalf to. three foot- per second- 
 as i. has een ertained tht a .vapor velocitF 
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in this range is satisfactory to maintain the dense 
catalyst phase in the reactor and settler-vapor 
cooler chamber. 
The embodiment of the catalytic system shown 
in Figure 3 fllustrates also the application of the 
ïeature of the described process whereby vola- 
tilized catalFtiC material carried out of the con- 
version zone with the product gases subsequently 
is condensed and redeposited on fo a solid sup- 
port and returned fo the conversion zone. tn 
cordance with this procedure, the product gases 
containing the volatflized catalyst, as described 
heretofore, are passed through a dense fluidized 
phase of the catalytic particles maintained ai a 
temperature substantially tower than that main- 
tained in the conversion zone and sufliciently low 
to condense the volatilized catalytic agent with- 
out substantial condensation of other components 
of the product gases. 
In Figure 3 the catalyst recovmT zone consists 
of the vertical settler-vapor cooler chamber 
arranged in series flow with the catalytic con- 
version chamber  and connected with the lat- 
ter by line 3 through which the product gases 
and catalyst are transferred. As stated, cham- 
ber 2 may suitably be of the saine general pro- 
portions and configuration as the conversion 
chamber but is preferably oï a somewhat larger 
cross-sectional area to effect a corresponding 
reduction in the velocity of the product gases 
in their travel therethrough which decreases the 
tendency of the particles to pass out overhead 
with the product gases through the overhead 
line 0. The velocity of the gases passing 
through chamber 2 is preferably such as to main- 
tain the bed oï catalyst particles below the level 
20 therein in a dense turbulent pseudo-liquid 
phase of the saine general character as that 
maintained in the conversion zone . The pre- 
ïerred method of maintaining the bed oï cat- 
alyst particles at the desired lower temperature 
comprises a procedure as shown whereby cat- 
alyst particles are withdrawn from the bed 
through a standpipe 76, a rate of fiow being con- 
trolled therethrough by valve 79, circulated 
through an external cooler 77 and then passed 
by line 80 to transfer line 3, thereby quickly 
reducing the product gases to the desired tem- 
perature. Additional catalyst may be circulated 
ïrom catalyst bed oï zone C through the standpipe 
38 to the reactor inlet line 3 and carried back 
to the reaCtor for the purpose of temperature 
control therein, in a manner similar to that 
scribed in connection with Figure 2. Pursuant to 
this process fiow volatilized catalyst carried out of 
the reaction zone through pipe 18 is condensed 
in zone C and eventually returned to the con- 
version zone B through the inlet line 8. The 
temperature maintained in the catalyst bed in 
chamber 2 may suitably be of the order of about 
600-750 ° F. compared with a temperature of 
about 750-900 ° F. in the converter. 
From the dilute, or dispersed, catalyst phase 
n the upper portion of chamber 2 above the 
ed level {}, the product gases, now substan- 
tially free  the volatilized catalytic agent, pass 
through line 9 fo the cyclone separator 3. In 
this separator particles of catalyst are separated 
from vapors and returned fo chamber  through 
thè cyclone dip-leg 7. The vapors and residual 
catalyst particles leave overhead ïrom separator 
3 bY way of line 20 and are conducted there- 
through to cooler 9 wherein their temperature 
is lowered fo about 300 ° F. -The cooled vapors 
then pass to the Cottrell precipitator  by line 
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3 wherein the residual quantity o sispénded 
catalyst particles is separated from the product 
gases. The separated particles are transferred 
from the precipitator into collecting hopper 
5 and then are transferred by standpipe 6 to the 
reactor inlet line 3. 
The vapors from the Cottrell precipitator are 
further cooled in cooler 3, having been intro- 
duced thereto by line 3, to a temperature suit- 
10 able for condensation of most of their water 
content, for example, a temperature of about 
100 ° F., and then are passed through line 
to vapor separator 83 where the bulk of the wa- 
ter formed in the reaction is separated from the 
I product vapors. Part of the unconverted HC1 
will be dissolved in the separated water, and 
this solution is transferred by pump 34 through 
lines 3, 4 and 3 back to the HC1 stripper 
. The uncondensed gases leaving separator 
20 03 pass through line 36 to the HC1 absorber 
and pass upwardly therethrough in counterflow 
to the dilute HC1 solution supplied through line 
6 whereby the remaining unconverted HC1 is 
separated from the product gases by absorption 
25 with dilute HCI. HC1 solution withdrawn from 
the bottom of the absorber $$ is transferred by 
pump 87 through lines 4 and 3 back to strip- 
per . 
The gases from absorber 66 pass by line 38 
30 into drier 68 where any water vapor present 
in the gases is removed by absorption in 
IYSO« is supplied ai the upper part of the de- 
hydrator, or absorber, 3 through line 39 and 
is withdrawn with the absorbed water at the 
35 bottom through line 69 wherein it ïs conducted 
to dehydrator 7, as stated heretofore. The dry 
gases taken overhead from dehydrator 68 are 
compressed by compressor 90 to a pressure vary- 
ing from about 150 to 400 pounds per square 
40 inch gauge, depending upon the amount of oxy- 
gen and nitrogen contained therein, for exam- 
pie, 350 pounds is preferable in the presently 
described process. The compressed gases are 
then cooled in cooler 9 to a suitably lower rem- 
45 perature of the order of 90-100 ° 1% and are then 
further cooled by refrigeration in cooler 92 fo 
about 30 ° F. below zero. The refrigerated gases 
pass through line 98 to a gas separator 
wherein liquid chlorine is separated, as the de- 
50 sired product, from the uncondensed gases and 
withdrawn from the bottom portion thereof 
through line 0 to storage. Part of the uncon- 
densed gases withdrawn overhead from gas sep- 
arator  may be allowed to escape to the at- 
5 mosphere through line 0 so as to remove any 
nitrogen introduced as an impurity with the 
oxygen. The balance of the gas ls recycled 
through line  back to reactor ! so as to ob- 
tain a high efficiency of oxygen consurnption. 
0 The catalyst utilized in my process may be 
of the composition conventionally nsed for the 
Deacon process. A suitable active catalyst in 
the practice of my process may consist of a 
mixture of cupric chloride (CuCl) and sodium 
5 chloride (NaC1) supported on activated alumina 
or sflica gel. The fine catalytic particles may 
be obtained by mechanical pulverization or by 
spray drying.. 
The following is an example of a procedure 
followed, in the preparation of the catalyst. 
ame 
279 g. of sodium chloride was dissotved in 
300 cc. of water and 635 g. of anhydrous cupric 
5 chloride was then dissolved in this solution. 

7O 
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The solution of combined chlorides was. used to 
make a paste with 4115 g. of alumina prepared 
by heating Alorco aluminum oxide hydrate at 
1200 ° F. for three hours. The calcined hydrate 
conçained 0.6% water. The moist Paste was 
then dried by heating at 600 ° F. The completed 
catalyst contained 6%. copper as the chloride, 
and sodium chloride in equal molar quantifies 
to the copper chloride. The catalyst was then 
reduced fo a fmely divided powdered condition. 
While my process is especially applicable .to 
the production of chlorine from. hydrogen chlo- 
ride, if may likewise be applied to the produc- 
tion of other free halogens from corresponding 
halogen acid, particularly bromine and iodine, 
with correspondingly suitable catalytic material. 
I claire: 
1. A process for producing.chlorine by the 
ehemical interaction of hydrogen chloride, with 
an oxygen-containing gas in the presence of a 
volatilizable so]id catalyst, supported on fine 
particles of catalytically-inert camïer material 
fo form powdered catalytic par-ticles which com- 
prises establishing a highly turbulent, pseudo- 
liquid dense phase of the powdered catalytic 
particles superimposed-by a light dispersed phase 
of said particles in a conversion zone by intro- 
ducing said catalytic particles into said conver- 
sion zone in an amount suflïcient te provide a 
dense pseudo-liquid- phase, of said particles- of 
the desired depth and flowing a mixture of 
hydrogen chloride gasand an oxygen-contain- 
ing gas upwardly through the conversion zone 
ata relatively low velocity adapted-fo Produce 
and maintaJn said dense phase of catalytic 
particles, at least a portion of. saidparticles hav- 
ing a free settling rate sufficiently low to permit 
them fo be carried out of-the dense phase at 
the maintained low velocity, maintaining con- 
version conditions in said conversion zone af 
elevated temperature and for a period of rime 
sufficient to effect the desired interaction of hy- 
drogen chloride with oxygen and to volatflize 
af least part of the volatilizable catalyst from 
said particles, withdrawing vaporous reaction 
products, with volatilized catalyst admixed there- 
with, and powdered, catalytic particles from the 
conversion zone and passing said withdrawn 
products and catalyst and said catalytic particles 
fo a second zone comprising a second turbulent 
pseudo-liquid dense phase of powdered catalytic 
Particles maintained ata sufficiently lower tem- 
perature than said conversion temperature fo 
condense and deposit said volatilized catalyst 
on the catalytic particles, condensing and depos- 
iting said volatilized catalyst on said Powdered 
catalytic particles in said second dense phase 
thereby recovering the catalyst and regenerating 
the particles, separating regenerated particles 
from vaporous reaction products and return 
ing the separated powdered catalytic particles 
directly from and at the temperature of said 
second dense phase to said flrst mentioned 
turbulent pseudo-liquid dense phase of said 
Particles in said conversion zone in amount and 
ata rate suflïcient to maintain an average cata- 
lytic activity of the powdered catalytic particles 
and control the temperature therein af said 
elevated temperature. 
2. A process for producing chlorine by the 
chemical interaction of hydrogen chloride with 
an oxygen-containing gas in the presence of a 
volatilizable so]id catalyst, supported on. pulver- 
ulent-solid particles of a catalyticallF inert- car- 
rier material to form-powdered catalytic--parti- 
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cles, which comprises establishing a highly tur- 
bulent pseudo:liquid dense phase of the powdered 
catalytic..particles superimposed by a light dis- 
persed phase of the powdered catalyst particles 
5 in a conversion zone by introducing said.catalytic 
particles into said conversion zone in amount 
suflïcient fo provide a dense pseudo-liquid phase 
of said particles of the desired depth and flow- 
ing a mixture of hydrogen chloride gas and an 
10. oxygen-containing gas upwardly through the 
conversion zone af a relatively low velocity 
adapted fo produce and maintain said dense 
phase of catalytic particles, ai least a portion 
of said particles having a free settling rate suf- 
15 flciently low fo permit them fo be carried out 
of the dense phase and the conversion zone at 
the maintained low velocity, maintaining con- 
version conditions ïn said conversion zone at an 
elevated temperature and for a period of rime 
20 suflïcient to effect the desired interaction of 
hydrogen chloride with oxygen and to volatilize 
at least a part of the volatilizable solid catalyst 
from said pulverulent solid particles, withdraw- 
ing vaporous reaction products, containing 
25 volatilized catalyst and powdered catalytic parti- 
cles, from said light dispersed phase of catalyst 
particles and from the conversion zone, simula- 
neously withdrawing powdered catalytic parti- 
cles directly from said dense phase of catalytic 
30 particles iï the conversion zone, contacting the 
last mentioned withdrawn powdered catalytic 
particles with a vaporous stripping medium, cool- 
ing the thus stripped catalytic particles and in- 
jecting the cooled particles into said withdrawn 
35 .vaporons reaction products to reduce the tem- 
perature .thereof substantially below the elevated 
tmnperature of said conversion zone, reducing 
the temperature then introducing and upward- 
ly flowing said vaporous products af said 
40:duced temperature through a second highly 
turbulent-pseudo-liquid dense phase of powdered 
catalytic particles at a rate adapted fo main- 
tain said second dense phase and provide suf- 
flcient-rime for condensation and deposition of 
45 volatflized catalyst on said particles thereby re- 
covering the volatflized catalyst- and regenerat- 
. ing the catalytic particles, separating the vapor- 
ous reaction products from catalytic parti.cles in 
said second dense phase and returning re- 
s0 generated catalytic particles directly from said 
second dense phase at said reduced tempera- 
ture. to said flrst mentioned highly tur.bulent 
pseudo-liquid dense phase ata rate and in an 
amount sufficient to maintain catalytic activity 
of the powdered catalytic particles therein and 
55 fo control the temperature thereof at said ele- 
vated temperature for said conversion condi- 
tions. 
3. A process for producing chlorine by the 
chemical reaction of hydrogen chloride with oxy- 
60 gen in he presence of a volatilizable solid catalyst 
deposited on fine particles of a carrier material 
to form powdered catalytic particles, which com- 
prises the steps o establishing a highly turbulent 
65 pseudo-liquid dense phase mass of the catalytic 
particles in a flrst conversion zone, introducing a 
vaporous feed mixture comprising hydrogen chlo- 
ride and an oxygen-containing gas inte the con- 
version zone, flowing the vaporous feed mixture 
70 upwardly through the dense phase mass therein 
af a velocity and under conversion conditions af 
an elevated temperature fo react a major propor- 
tion of the hydrogen chloride with oxygen and fo 
voltilize at-least part of the volatilizab]e catalyst 
75 from-the carrier material, withdrawing from the 
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first conversion zone a mixed stream comprising 
vaporons reaction products, unreacted compo- 
nents of the feed mixture, votatflized catalyst and 
suspended catalytic particles, combining a rela- 
tiveiy cool oxygen-containini gas with the mixed 
stream thereby producing a second vaporous feed 
mixture, passing the second feed mixture into a 
second turbulent pseudo-liquid dense phase mass 
of catalytic partictes in a second conversion zone, 
flowing vapors of said second feed mixture up- 
wardly through the second dense phase mass at 
a vetocity and under conversion conditions at 
temperature lower than said elevated temperature 
in the first conversion zone fo effect further re- 
action of hydrogen chloride with oxygen and fo 
condense and deposit the volatilized catalyst com 
ponent of said second feed mixture on catalytic 
particles in the second dense plqase mass thereby 
recovering the volatilized catalyst and regenerat- 
ing the particles, returning regenerated catalytic 
particles directly from the second dense phase 
mass fo said first dense phase mass, separating 
vaporous reaction products from the second dense 
phase mass, recovering chlorine and an oxygen- 
containing gas from the separated reaction prod- 
ucts, cooling af least part of the oxygen-contain- 
ing gas, then combining the cooled part with said 
withdrawn mixed stream from the first conversion 
zone as the relatively cool oxygen-containing gas 
combined therewith. 
4. The process of claire 3 in which the vaporous 
feed mixture to the flrst conversion zone com- 
prises substantially pure oxygen as the oxygen- 
containing gas. 
5. A process ïor producing chlorine by the 
chemical reaction of hydrogen chloride with oxy- 
gen in the presence of a volatitizable solid catalyst 
deposited on carrier material consisting largely 
of particles not substantially targer than 100 
microns, which comprises the steps of estabtish- 
ing a highly turbulent pseudo-liquid dense phase 
mass of the catalytic particles in a first conver- 
sion zone, int«.oducing a vaporous feed mixture, 
comprising hydrogen chloride and an excess of 
an oxygen-containing gas in a ïeed volume ratio 
of hydrogen chloride fo oxygen within the range 
of 4:1 to 1:1, into the dense phase mass and fiow- 
ing the vaporous mixture upwardly therethrough 
ai a velocity in the range of 0.5 fo 6.0 ïeet per 
second and under conversion conditions af an 
elevated temperature between 750 ° fo 900 ° F. and 
af a pressure above 10 pounds per square gauge 
for a contact rime of from 10 fo 30 seconds to 
react a major proportion of the hydrogen chloride 
with oxygen and fo volatilize ai least part of the 
volatilizable catalyst from the carrier material, 
withdrawing from the dense phase mass a mixed 
stream comprising vaporous reaction products, 
um'eacted components of the ïeed mixture, vola- 
tilized catalyst and sspended catalytic particles, 
combining re]atively cool oxygen-containing gas 
with the mixed stream thereby producing a sec- 
ond vaporons feed mixture ai a temperature below 
said etevated temperature of the dense phase 
]«ass, passing the second ïeed mixture into a sec- 
ond turbulent pseudo-liquid dense phase mass of 
catalytic particles in a second conversion zone, 
flowing vapors of said second feed mixture 
wardly through the second dense phase mass at 
a velocity within the range of 0.5 to 6.0 feet per 
second and under conversion conditions at a tem- 
perature between 600 to 750 ° F. for a contact rime 
sufficient to effect further reaction of hydrogen 
chloride with oxygen and fo condense and deposit 
the volatilized catalyst component of said second 
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feed mixture on catalytic particles in the second 
dense phase mass thereby recovering the çola- 
tilized catalyst and regenerating the particles, re- 
tmïing regenerated catalytic particles from the 
5 second dense phase mass to said first dense phase 
mass, separating vaporous action products from 
the second dense phase mass, recovering chlorine 
and an oxygen-containing gas ïrom the separated 
reaction products, cooling ai least part of the ox- 
I0 ygen-containing gas then combining the cooled 
part with said withdrawn mixed stream from the 
flrst conversion zone as the relatively cool oxy- 
gen-containing gascombined therewith. 
6. A process for producing chlorine by the 
15 chemicat interaction of hydrogen chloride with 
oxygen in the presence of a volatilizable, sotid 
catalyst, supported on fine paticles of catalyt- 
ically inert carrier material fo form powdered 
catalytic particles, which comprises establishing 
20 a highly turbulent pseudo-liquid dense phase 
mass of the powdered catalytic .particles super- 
imposed by a light dispersed phase of said par- 
ticles in a first conversion zone by introducing 
and withdraving said catalytic particles inte and 
25 from said conversion zone in an amount sufficient 
fo provide a dense pseudo-liquid phase of said 
particles of the desired depth and fiowing a mix- 
ture of hydrogen chloride and an oxygen con- 
.taining gas upwardly through the conversion zone 
30 ai a relatively low velocity adapted to produce 
and maintain said dense phase of catalytic par- 
£icles, maintaining conversion conditions in said 
conversion zone af an elevated temperature and 
for a period of rime suflicient fo eiïect the desired 
35 interaction of hydrogen chloride with oxygen af 
a relatively fast reaction rate and te volatilize ai 
least part of the volatitizable catalyst from said 
particles, withdrawing vaporous reaction prod- 
ucts, with volatilized catalyst mixed therewith, 
40 .and powdered catalytic particles from the con- 
ersion zone, passing said withdrawn reaction 
products and catalyst and said catalytic particles 
.to a second conversion zone comprising a second 
£urbulent pseudo-liquid dense phase mass of pow- 
45 dered catalytic païticles, maintaining conversion 
conditions in said second dense phase mass of 
catalyst particles ai a lower temperature than 
said first conversion temperature and for a period 
of rime suflïcient fo eiïect he desired interaction 
of the hydrogen chloride with oxygen af a rela- 
5O tivety slow reaction rate and fo condense and 
dposit said votatilized catalyst on the catalytic 
particles, condensing and deposlting saïd volatil- 
ized catalyst on said powdered oatalytic particles 
55 in. said second dense phase mass thereby recover- 
mg the catalyst and regenerating the particles, 
separating regenerated paricles from vaporous 
reaction products and returning the separated 
catalytic particles at he temperature of the sec- 
6O ond dense phase mass fo said fn'st conversion zone 
in an amount and ai a rate sufficient fo maintain 
catalyst activity and fo control temperature 
therein at said elevated temperature. 
7. A process ïor producing chtorine by the 
65 chemical interaction of hydrogen chloride with 
oxygen in the presence of a volatilizable solid 
catalyst, supported on pulverulent sotid particles 
of a catalytically inert carrier material fo form 
powdered catalytic particles, which comprises es- 
70 tablishing a highly turbulent pseudo.-liquid dense 
.phase mass of the powdered catalytic particles 
superimposed by a liht dispersed phase oï the 
.powdered catalytic particles in a flrst conversion 
zone byintroducing and withdrawing said cara- 
T5 lytic particles into and from said conversion zone 
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.,Jn:amonç-. su.fciënt'»te, 'prode: .a:derme.-pseuo- 
.,iù/d:phase mass..Of:said:particles:of the .desd 
-depth and flo.ng.a mixture of hydrogen chlOride 
:gas :»and  a ogencnig .gas '.upwardly 
 toughthe -conversion zone-a _a. relatively low 
.elocy"adaéd..to ?pduceand mimtn sid 
-dense phase massu caai¢.pr.til mantm- 
.g.convesion onts In sid convërsion« zone 
:,a-n eleated.temperate.-nd-for a riod 
me.Scien.«.effec the .desired inration 
 hyogen Chlo'ide,.with.oxgen af a relatively ast 
.eacçion rate-ad  volat.ile-, at.-léast-.a. paf-of 
hevMatilizable ca.taiys .from said pulverent 
.s«tid Rticles, wihdrw.ng a'peroùs - reacion 
-,pduc, cen.ag- volatil. caysnd, sus- 
.-nded .cataytic paicls, from-said. light dis- 
Remed .pha.se of catalic..paricies .n@ rom the 
rst . ¢ onversiom z«ne,, sm-ane ously separty 

:Catalyst par.tic:leS from; thé.conversion.zonesepà- 
:ràtely from" the'$aporous conversion products,as.a 
d0,ï:wardly m0vingaerated column..hroug.h,,a 
:cata]yst withtraal,passageway .opening directty 
5 into.sM densephase,-stripping.vaporous,con - 
 ërsior/produitS, a, nd,-volatil,ized,cata.lyst rom-:said 
'downwarl.lF,msving aerted cotum_n with-.a, non- 
corrosive,.vapofoussipping-fluid,introducing,,the 
- stripPed »ctalYst .:- particles .under the ,. pressure 
 lO .-hêad :at «the ,base»off said column o. a stream- of 
OxgenContining gas, çhereafter-oooling-=he 
-lastmeltionuLstrearr. fo «temperature subsçan- 
-.tiatly,,betOw h-eleva,ted., temperature.in, the flrst 
 oonversion zone, -thon passing, the ,cooled stream 
 t5 ..mtoa seCond-dnse .turbulent.pseudo-liquidphase 
mass of catalystparticle»in,a»second-con,version 
'zone,,-flowing..he 'oxygen-containing gas and-the 
,Withdrawn conversion,.çroducts:a.nd volatlized 

 wihd]mwing pov¢dered catatyic,la:bicles;direct-ly -catatyst - upwardty J:b_vough : said, second..dense 
.'  ,   .. o ,. oo. mg me separa:eiy to-forr and,mai.ntan.the-dense, turbulent-phase 
.ithdr-am cata:ytic :.par'ticles, -mix-ing..the coïled ,af". the  desired..depth«: maintainng, sàid second 

.'separately withdrawn .oatlytic particles..v¢ih safd 
ithdravn vaporous reation prsduc, :-intro- 
;'duci. the ,mtu.r,of- read0n pr6ducts.and-cata- 
y£ic  partiles - into a -.second -hlY, trbùlnt 
peudo:eiquid ee,-phase ,ms- 8f catàlyic .par- 
,es:in a-second cûnverin zone/0wing'the 
,vporous- reaetion pr6ducts upwadly- fo he sec- 
ond conversi0u zone at a-relativèly low Yelo6ity 
,ted to produce Und ,mtin sàfd sèc0ud 
e,hase mass..of---Caic,priles," fo èffèet 
:thadired'. ïneractn- bfhr 6ên h]brldêWth 
Ogen, af a. elatiy low éatin fate- do 
dëead dépOlt the-vbflled ca:t - 0n 
àtaltic :ptiolës in - îd sêbnd 'dëse -phe 
-d"-re$èe:îngthe eàta]c:ailes; 'sa- 
rterèbVeing vapor0usreOtn, pf:dùctggd 
,2êgenêràtd d:tlyic-ar t ilës 
:he ms  in he"'see0nd"Ceesin / zo:e,"gnd 
vetummg-egeneràted- catalyti-paices 'at-he 
temeture"0f".he"'dense*-p-ase mass- in' Vhesec- 
'ndconversion"zone'  :std :hlY-buent 
ed0-1iïd"dënse"hàe'áss: in- çhe st C- 
ern'zone:namo:t"aa 
 :ain  e"-çaayic -:Cty-f. çhe -wderd 
'caac " partiles' berein-nd - oençrol: he rem- 
,peintre t'héreof: V-d-:élea:tëd tpatUrefor 
soes coversn cond:t:o 
-8. A.,process or : Droducing, Ctlorme .by .the 
chemical:nterction ' of::hdrogen - chléride 
oxygén-whi:com-pisës troducg pà:ricles 0f:a 
:wdCd caalic matel,-to :::firSt,-catatytîc 
cOnvemion:zene/fiog.-vapom :0f:hYdOgën:tO- 
de--:and:an oxygencnt:in-'--gas uardly 
OE..sd:ne-a a vetOciyàdpted: o: fom 
:"and mamin ca-:dense",.bulent, pëudoSt.id 
'Phase mass of he:CtIyst.paicles,i:s:id zone, 
:'Continuly"addmg ,:fresh ' pewder càtalyst: o 
's:d ' dee 'Dhase » nd con!nusly, w.ithdra:- 
g:coêsp0ndingamnts of catatystparicles 
théreform at -a  rte:.aaptd, fo marocain smd 
"dee"phàSe' máss atthe"'dèsed  dêpth  and' he 
"averge :caa]yticactity hereof'-àt a. :iablè 
Ya:ue; mafna fnigcOnVers0n c0nditlons said 
:fist convémion zOnet:n-eIvtêa" 
and for a::përiód-o-timesaffiiënto"effèet - the 
detred interaCtiOn. of HYdr0gên Coride 
oxgen at a.rëlativèly fatrèction ràte"nd"to 
.v01afie. at.least part of the catyst, withd«W- 
mg. vaporous conversion .predcts, vlatîId 
,,Iyst-and a-spensi0n.0f.a mino proportion 

dense-phase of catalyst.particles-at..s,lowe, tem- 
-perature J:ha-n :ssid. elevted, temperature:,in,. he 
25 .first conversion.zone sufficient..toeffect £he de.red 
nteraction.of.,hydogen,chloide ,withoxygen::at 
relatively ,slow, reaction..rate ,and fo condee 
"gnd: deposit :volailid-.catys.. on catalvst-par- 
;ticles. hereby covering volatilized ca-talvst and 
30 regenerating ,the¢a,tlyst:paicles,-withdrawi. 
vpmus-.conversiom-products, substantially ree 
 0f volafi:e@catalyst from said,second zoo, sepa- 
r af ety..wihdra wing .egenerated-catalys particles 
-from said se¢ond dense».phe., as .a,:downwadiy 
.35 ..movgaera-tedcolumn:,throukha- send, catyst 
withdawa pa,ssageway-open..,diretly.into atd 
:second. dee..phase, troducing:said. w.ithawn 
, regenerted catlyst,parties.-unde the- pressée 
beaU. at,,the-base..of ,the. last-menioned -aerated 
 40 column itoa.vaporo rem 0 reactant-pass- 
-g-to.said.flrs-¢onversion zone an.pasng: the 
cata-ltcontaig stre, of reactan.ihto- sid 
first :conveom zone. 
9.,he:-process,ef,,.blim-8.in Whih %ho re- 
 45 .generated ,. atalic--.partiles.. intr0ucéd , into a 
,wporous stream- of-.reactant - under:. he ,preSsée 
head.-at. the. basa,ef: £h second .mentiOnëddo- 
ardly mov..,aerëd ¢ëlu..and cnveéd by 
the vaporou»stream, of. reactant.and trducéd 
50 ,-t o:, said-fi pseùd0:-liqUid-.dee phase..mass 
- catic:,particles.in%hef,st, conversion zone af 
subnally  .the Zempeature: leel.-matained 
m.,the:secondcenveion në in-an amont per 
. umt -.te, sùbstanfiEy..eqvlent to he',tbtal 
- 5 ot of catalic parfiles_wïhdaf0m "the 
. first-convesion zonathrough ïd:fist mentionëd 
.-dowwad,ly-mo:g.aerated cblumn, and as sid 
:spei,ef caty-tic,patiles the:eby m- 
tsng sai aveage cata£ic,actiVity 5f the.Cata- 
60 1Ftic.:particl. m ,the:st. cen:ersibn- zoaead 
.-centollmg-conversibn temperate theZe af 
, saidele:atèd £emperatu.re. 
t0. :A:.,.process çf0r çpeducing. hlorine 5y"e 
¢hecal raoEion, êf: hYarogên oide, Wïth 
.  ox:gen .in .£he .-p»esence. of a Volailizble 
catalFst,..super, t on::fineprti[es-f catYt- 
calty ..me. ca4EEer,-,materil/  'orm powderëd 
- cic pazes. hih, comprises, esblihg 
a, hihlF tbent -pseddo::liqui-densa Phase of 
,7O, he.,pewder, catalc pariles, supezs 
a;ght.isrsa 5f saipar:5les.fn a fiSt 
conversion,zon¢,by oducg..and,wihdawïg 
-.said catlFtic patfcles' ito and'from Saiff n- 

f ..¢atalytic.paticles.. from he-. conversion :zon.e, version zorle'.in ee n. amuï:t- ï2iëtït t0-ir6ide 
»ffecting .withdrawal éf .a-major lrOlorti0n:-0f . safd dène"2iae 8f"oEedë-girêt 
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ing a mixture of hydrogen chloride gas and an 
oxygen-containing gas upwardly through the 
conversion zone at a relatively low velocity 
adapted to produce and maintain said dense 
phase of catalytic particles, af least a portion of 
said particles having a free settling rate suffi- 
ciently low to permit them to be carrieoE out of 
the dense phase and the conversion zone at the 
maintained low velocity, maintaining conver- 
sion conditions in said conversion zone af an ele- 
vated temperature and for a period of time suflï- 
cient to effect the desired interaction of hydro- 
gen chloride with oxygen at a relatively fast re- 
action rate .and to volatilize at least part of the 
volatilizable catalyst from said 1sarticles, with- 
drawing a mixed stream of vaporous reaction 
products, volatilized catalyst anà suspended 
powdered catalytic particles from the light dis- 
persed phase of said flrst conversion zone, pass- 
ing said mixed stream to a second turbulent 
pseudo-liquid dense phase of powdered catalytic 
particles, superimposed by a second light dis- 
prsed phase in a second conversion zone, said 
second dense phase being maintained ata tem- 
perature lower than said elevated temperature 
suflicient te effect the desired interaction of hy- 
drogen chloride with oxygen at a relatively slow 
reaction rate and to condense said volatilized 
catalyst on the catalyst particles therein and 
thereby regenerating said particleæ, continuonsly 
withdrawing portions of the catalytic particles 
from said second dense phase as a downwardly 
moving aerated column through a catalyst with- 
dïawal passageway opening direcfily into said 
second dense phase, continuously introducing the 
withdrawn catalytic particles ïïom the bottom of 
said aerated column under the pressure head at 
the base thereof into a stream of oxygen-con« 
taining gas, cooling the last-mentioned stream 
te a temperature suflicient to control said second 
dense phase at said lower temperature, contin- 
uously reintroducing the cooled stream directly 
inte said second dense phase whereby said sec- 
ond dense phase is maintained at said lower 
temperature, simultaneously and continuously 
separating substantially catalyst-free vaporous 
reaction products and separately removing re- 
 generated catalytic particles from said second 
dense phase, and continuously returning the last 
mentioned particles at the temperature of the 
second dense phase directly to said flrst conver- 
sion zone thereby maintaining catalyst activity of 
the rst dense phase of catalytic particles and 
controlling reaction conditions therein at said 
elevated temperature. 
11. A process for pïoducing chlorine by the 
chemical interaction of hydrogen ch]oride with 
o'xygen in the presence of a volatilizable solid 
catalyst, supported on fine particles of a cata- 
lytically inert carrier material to form powdered 
catalytic particles, wh]ch comprises establishing a 
highly turbulent pseudo-liquid dense phase of the 
powdered catalytic particles superimpoæed by a 
light dispersed phase of said particles in a flrst 
conversion zone by intïoducing and withdrawing 
said catalytic particles into and from said con- 
version zone in an amount suflïcient to provide a 
dense pieudo-liquid phase of said particles of the 
desired depth and flowing a mixture of hydro- 
gen ch]oride gas and an oxygen-containing gas 
upwardly through the conversion zone at a rela- 
 tively low velocity adapted to produce and main- 
tain iaid dense phase of catalytic particles, at 
least a portion of said particles having a free 
settling rate stLflciently low to permit them to 

be carried out of the dense phase and the con- 
conversion zone at the maintained low velocity, 
maintaining conversion conditions in said flrst 
conversion zone at an elevated temperature and 
5 for a period of time suflicient to effect the de- 
sired interaction of hydrogen ch]oride with oxy- 
gen at a relatively fast reaction rate and to vola- 
tilize at least part of the volatilizable catalyst 
from said solid particles, withdrawing a rnixed 
10 stream of vaporous reaction products, volatflized 
catalyst and suspended powdered catalytic par- 
tiules from the light dispersed phase in the flrst 
conversion zone, passing said mixed itïeam into 
a second turbulent pseudo-liquid phase of pow- 
]5 dered catalytic particles, superimposed by a sec« 
ond light dispersed phase, said second dense 
phase being maintained ata lower temperatdre 
than said elevated temperature suflicient to effect 
the desired interaction of hydrogen chloride with 
20 oxygen at a ïelatively slow reaction rate and te 
condense said  volatilized catalyst on the catalytic 
particles in said second dense phase thereby re- 
generating said particles, continuously with- 
drawing catalytic particles from said second 
25 dense phase as a downwardly moving aerated 
column through a catalyst withdrawal passage- 
way opening directly into the second dense phase, 
introducing the withdrawn catalytic particles 
from the bottom of said aerated column under 
30 the pressure head af the base thereof to a stream 
of vaporous fluid, cooling the last-mentioned 
stream, combining the cooled stream with said 
mixed stream withdrawn rom the flrst conver- 
sion zone to provide a combined stream at the 
35 temperature of the second dense phase, passing 
the combined stream upwardly through said 
ond dense phase thereby controlling said second 
dense phase at its said lower temperature, re- 
moving substantially catalyst-free vaporous re- 
40 action products from said second dense phase, 
separately removing regenerated catalytic par« 
ticles from said second dense phase as a second 
downwardly moving aerated column through a 
second withdrawal passageway opening directly 
45 into said second dense phase and returning the 
thus removed catalytic particles directly to said 
flrst«mentioned highly turbulent pseudo-liquid 
dense phase of the powdered catalytic particles. 
12. A process for producing chlorine by the 
50 chemical interaction of hydrogen chloride with 
oxygen in the presence of a volatilizable solid 
catalyst, supported on fine particles of catalyti- 
cally insert carrier material to form powdered 
catalytic particles ,which comprises establishing 
55 a high]y turbulent pseudo-liquid dense phase oï 
the powdered catalytic particles superimposed by 
a light dispersed phase of said particles in a 
conversion zone by intïoducing said catalytic par- 
ticles into said conversion zone in an amount 
60 sufûcient to provide a dense pseudo-liq.uid phase 
of said particles of the desired depth and flow- 
ing hydrogen chloride gas and an oxygen-con- 
taining gas upwardly through the conversion zone 
ai a relatively low velocity adapted to producç 
65 and maintain said .dense phase of catalytic par- 
ticles, at least a portion of said particles having 
a free settling rate sufliciently low to permit them 
tobe carried out of the dense phase at the main- 
tained low velocity, maintaining conversion con- 
70 ditions in said conversion zone at an elevated 
temperature and for a period of rime suflicient to 
effect the desired inteïaction of hydrogen ch]o- 
ride vith oxygen and to volatilize at least part 
of the volatilizable catalyst from said particles, 
 vithdïawing vaporous reaction products, with 



="@tiliZèd  -catlyst:àd-rfiiied t.herewith,-ïrom the 
-@6nveSi6n.one, Smzilaneously selartely with- 
drawing powdered-catalytic partiles diretly 
from-said dee phase of- catàlytic particles in 
 the conversionzone; passin the withdrawn prod- 
ucts, Volatfled cátalyst'nd powdered catlytic 
çarticles toa second zone comprising a Second 
 lent eudoquid dns phase of powdered 
atlytic particles maintained ai a scient!y 
lë$erlemPrature thon Saidconvrsion temDer- 
-àteto"COnde Snd deposit Said-volatioed 
' ciyst on he- podëréd catalic particls, con- 
"d and deDositing the 'voltiHZd catlyst 
'on  sid çowdered catalytic 'paftïClëS  the c- 
Od - .dë Rhaë theeby recOvëïn the tàlyst 
àdègeneratigte catalytiC"patilS, sepa- 
'i'oEtingrëènertèdcatalytiCçai.ticlC 6m VapOr- 
bàlyt, SfiDoftè on fine-paricles of ctlyti- 
-&Hy ei-t arier raàteriaYto fbrm powdered 
dtiic Drticles .çhich comprises estatlhing 
ahighl tbuint pseuào-liquid dee phase of 
çePowdèred catalic partic!s superposed by 
" lih iprsed Phkse of said Particles  a con 
Vesi6n zone by introduciflg said càtaiytic pati- 
dle into sid conversion zone in an amont 
ficient fo PrOide a dense pseudo-liquid phase óî 
sa partiles Of th deired depth and flowi 
hYdrogen ch]oride gas and-an oxygen-containg 
gas upwardly through the conversion zone ai a 
rlaively iow velocity adapted to produce and 
matan said dêe phase of catalytic particles, 
..maintaing conversion conditio in said con- 
ërsion zone ai an e]evated temperature and for 
. a...peiod of tme scient to effet the desired 
inteaction öf hyoen chloride with oxyen and 
fo ]ti]e.at least part of the volaGlizable 
caalyst .from sàid particles, v!thdrawi vapor- 
. ous reaction products, witl volatilized cata!ys 
.-and a minor portion of the powdered catalytic 
.. p@rticles admixed therewith, from he conversion 
. zone passLuz th $ithdra products, volatilized 
-caa.lyst and the minor portion of the catalytic 
. particles to a second zone comprising a second 
..çbulent pseudo-liquid dense phase of powdered 
. catalytic particles, simùtaneously separately 
fecting .withdrawal of a major-portion of the 
catalytic partic!es fïom the conversion zone as 
:a downwardly movin aerated, coln through a 
caSalyst withdrawal passageway openg directly 
 into. the -firstmentioned dense_phase of catalytic 
.particles at a.point beiow the surface thereof, 
introducing the-sara withdrawn catalytic 
 . particls.under the.pressure head ai the.base of 
-said-coln into a stream of oxygen-containing 
.gas, cooling the last-mentioned stream, tro- 
ducing the cooled stream .to the second dense 
. phase of powdered catalytic parmLs"  in the sec- 
on d. zone, maintaining the second dense phase of 
: Ctiyti partlcles ai a sUcientiy lower ternper- 
àte tha said conversion temperature fo con- 
"déhse and déposit the vola(Cized atalyst on cata- 
'lytic particles, condeing and depositing-the 
?5ltflièd catalyst on the powdered catalytic:70 
pariClès  aid 'Second dee phase therêby re- 
-Cbvèring the CatÏkst adegeneratg tl]e cata- 
"lytic particles, Separati reenéatêd paftiles 
 frOrn.:vaoUs réaction- products and retning. 
he éça'C- regCerad- càtalftic paiclesto 

ithèflrSt Jmèntioned.ttbulent pseudo=liquld:dëRse 
PhaSe of caatic pticlès i the cêvéin 
zone thereby maining an avèrae catlytic 
activity of the powded-catalyic papilles :in-he 
5 conversion one. 
14. A process -for poduc, chlorine by.the 
chemical interaction :of hydrogen chlorie With 
oxyën in the preSenCe of a.volatiáble solid 
catalyst, supported on-fine .particles Of catalyti- 
0 cally rt carrier ma-teriál to form-p0Wdr 
baalyic :particlC"whiCh -compses.ëtàblhg 
- a/highly turbentpseud0Iiquid :dee hase::of 
the powdered caaiytic particles sUperimp0s 
a iiglitdispersed-phase:of saidparticles "a Con- 
15 versi0n-Zone by 'introducg said Catltic 
Cls/ni0 said conversion zone in 
cient fo provide a dense seudo-liqhid Phase 0f 
:said :Particles of the deséd depth nd:fièWg 
-dogen Chloride gasand an oxygen-Céntaini 
20 gas -uDwardly thogh the conversion :bneat ,a 
relátiyely lòwvelocity adapted, to prodae àmd 
maintain said dbnsephase of catalytic :particles, 
at least a portion.of Said particleS .havin a-free 
sèttli rate sucientlYlow to -permit them  be 
5 carriëd-Out of.the-dense phase at.the maintained 
low velocity, aintaing Conversion. cbntié 
in said ConversiOn"zOne at n elevated-tempera- 
-ture-and for a period- of rime Sit. to èffect 
the. dèsired tèracti0n of hydrogen:chloride -Wth 
Oxygenand-to vO!atile at leastpart f the:Vla- 
-tlizable ctàlyst from saidparticles, wih'da-ing 
Vap0rous reacti0n-produets, with VolàtiliZed 
lyst and powdëred Catalytic partiCles-adxéd 
therêwith, from hè c0nversionz0ne, Simultane- 
ously: separtely Wihd-rawg -oWeed Catalytic 
"particles ivectly from Said dense-pase of cta- 
lytic-particleS .in the conversion :Zone, passg the 
withdawn roducts, VolatiHzed catalySt .an 
 odrèd cátlytic particles to.a second zène 
C0mprising a second turbulent-pseudo4iquid 
 deme phase.of powderèd catalytic Darticles main- 
tained.at a suciently Iower temperature -tha.n 
.said nversion temperàture fo condee d de- 
posit .said Volatflized catalyst on the cataltic 
 particiés, condensi and depositing the volatil- 
ed cataSt 0n said powdered catalytic: patiCiës 
 the second dèe phase tNereby recovering  the 
catalyst an regenerati the catalytic Darticles, 
separating regenerted particles from varous 
reaction products,. recoverg a cooled oxygen- 
containg gas ïrom the separated reaction pröd- 
ucts, sePàrately withdrawing regenerated catast 
particles from the second dee phase as a-dO- 
wadly movi aerated coi tough a s0nd 
catalyst withawal passageway open dectly 
into the second dee phase at.a pot belòwthe 
surïace thereof, introducing the withdrawn re- 
 gerated catystparticles under the prèse 
head at the base of the last-mention 
c01n intoa vaporous streàm comprising Said 
recovered cooled oXygen-contag gasandDass- 
ing the catalytic particles in the last:mèntionë 
stream to the first conversion Zsne S iff t 
mentioned tr0duced particls thereO 
mot sUffiiènt t0 DbVide the :dense 
liqùidPhase thre, 
15. A proCess f6r roducing chloie by the 
chemical interaction 0f hydr0en hl0ridé With 
oxygen in the presencê of avoltfl51è 61id 
catalyst supported on fine particlC 0fCat12ti- 
Cal!y inert carrier matérial to fom Dbdëë 
catalytic parGcles wCh comprises èStïliN$ 
highly turbulent Dseudo-liquid dëheDàsé 
PowdeèdCaliC Drticiê sGDëïmed 
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Version zone by introducing into and wtthdrawtng 
catalytic particles from said conversion zone in 
an amount suiïicient to provide a dense high]y 
turbulent pseudo-liquid phase of catalytic par- 
ticles of desired depth and flowing a mixture of 
hydrogen chloride gas and an oxygen-containing 
gas upwardly through the conversion zone at a 
relatively low velocity adapted, in combination 
with the introduction and withdrawal of cata- 
lytic particles, to produce and maintain said 
dense phase of catalytic particles, af least a por- 
tion of said catalytic particles having a free 
settling rate sufliciently low fo permit them to be 
carried out of the dense phase at the maintained 
low velocity, maintaining conversion conditions 
 in said conversion zone at an elevated tempera- 
ture and for a pericd of tirne suflicient to effect 
the desired interaction of hydrcgen chloride with 
oxygen and to voïatilize ai least part of the vola- 
tilizable catalyst from said particles, withdrawing 
vaporous reaction products, with volatilized cata- 
lyst admixed therewith, and powdered catalytic 
particïes from the conversion zone and passing 
said withdrawn mixture of products and vola- 
tilized catalyst and said catalytic particles to a 
second zone, said catalytic particles being intro- 
duced into and withdrawn from said second zone 
in an amount sufficient fo provide a second higb_ly 
turbulent dense pseudo-liquid phase of said par- 
ticles of desired depth, maintaining flow of vapors 
comprising the mixture of vaporous reaction 
products and volatilized catalyst upwardly 
through the second zone af a relatvely low 
velocity adapted, in combination with the intro- 
duction and withdrawal of catalytic pa.rticles to 
produce and maintain said second dense phase 
of catalytic particles in said second zone, main- 
taining the temperature of the dense pseudo- 
ïiquid phase of catalytlc particles in the second 
zone ata sufllciently lower temperature than the 
conversion temperature of the conversion zone to 
condense and deposit volati]ized catalyst on the 
powdered catalytic particles in said second dense 
phase, thereby recovering volatilized cata]yst and 
regenerating the catalytic particles, recovering 
regenerated catalytic particles and passing them 
into the conversion zone as said catalytic particles 
introduced thereinto ata temperature suflicient 
:fo effect a control in maintaining the tempera- 
ture in the first dense phase of catalytic particles 
af said elevated temperature. 
16. A process for producing chlorine by the 
chemical interaction of hydrogen chloride with 
exygen in the presence of a volatilizable solid 
catalyst supported on fine particles cï cataly 
tically inert carrier material to form powdered 
catalytic particles which comprise establishing 
a highly turbulent pseudo-liquid dense phase of 
powdered catalytic particles superimposed by a 
light dispersed phase of said particles in a con- 
.version zone by introducing into and withdraw- 
ing catalytic particles from said conversion zone 
in an amount suiïicient to provide a dense highly 
turbulent pseudoQiquid phase of catalytic par- 
ticles oï desired depth and flowing a mixture of 
hydrogen chloride gas and an oxygen-containing 
gas upwardly through the conversion zone at 
a relatively low velocity adapted in combination 
with the introduction and withdrawal of cataly- 
tic particles, to produce and maintain said dense 
phase of catalytic particles, at least a portion 
oî said catalytic particles having a îree settling 
rate sufficently low to permit them to be carried 
out of the dense phase at the maintained low 
v¢lOltF, rn_Intaining conwrsn ¢ondflon in 
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said conversion zone at an elevated temperaturê 
and for a period of rime sufllcient to effect the 
desired interaction of hydrogen chloride with 
oxygen and to volatilize at least part of the 
5 volatilizable catalyst from said particles, with- 
drawing vaporous reaction products, with vola- 
tilïzed catalyst admixed therewith, and powdered 
catalytic particles from the conversion zone and 
passing said withdrawn nùxture of products and 
10 volatilized catalyst and said catalytic particles 
to a second zone, said catatytic particles being 
introduced into and withdrawn from said second 
zone in an amount suiïicient te provide a second 
dense pseudo-liquid phase of said particles of 
15 desired depth, flowing an oxygen-containing gas 
and the mixture of vaporous reaction products 
and volatilized catalyst upwardly through the 
second zone at a relatively low velocity adapted, 
in combination with the introduction and with- 
20 drawal of catatytic particles to produce and 
maintain said second dense phase of catalytic 
particles in said second zone, maintaining the 
temperature of the dense pseudo-liquid phase of 
catalytic particles in the second zone ata suffi- 
25 ciently lower temperature than the conversion 
temperature of the conversion zone to condense 
and deposit volatilized catalyst on the powdered 
catalytic particles in said second dense phase, 
thereby recovering volatitized cataïyst and re- 
30 generating the catalytic particles, recivering 
regeneratid catalytic particles and passing them 
into the conversion zone as said catalytic par- 
ticles introduced thereto ata temperature suffi- 
cient to controï the temperature in the flrst dense 
35 phase of catalytic particles at said elevated 
temperature. 
17. A process for producing chlorine by the 
chelnical interaction of hydrogen chloride with 
oxygen in the presence of a volatilizabïe solid 
40 cataïyst supported on fine particles of cataly- 
 tically inert carrier material to ïorm pòwdered 
catalytic particles which comprises establishing 
a highly turbulent pseudo-ïiquid dense phase of 
powdered catalytic particles superimposed by a 
light dispersed phase of said particles in a con- 
"4. version zone by introducing into and withdraw- 
ing catalytic particles from said conversion zone 
in an amount sufficient to provide a dense highly 
turbulent pseudo-liquid phase of catalytic pai- 
ticles of desired depth and flowing a mixture of 
${} hydrogen chloride gas and an oxygen-contàining 
gas upwardly through the conversion zone at a 
relatively low velocity adapted, in combination 
with the introduction and withdrawal of cata- 
lytic particles, to produce and maintain said 
 dense phase of catalytic particles, at least a 
portion of said catalytic particles having a free 
settling rate sufliciently low to permit them to 
be carried out of the dense phase at the main- 
tained low velocity, maintaining conversion con- 
6{} ditions in said conversion zone at an eïevated 
temperature and for a period of time suflicient 
to effect the desired interaction of hydrogen 
chloride with oxygen and to volatilize at least 
part of the voïatitizable catalyst from said par- 
{} ticles, withdrawing vaporous reaction products, 
with volatilized catalyst admixed therewith and 
powdered catalytic particles from the conversion 
zone and passing said withdrawn mixture of 
7{} products and volatilized catalyst and said cata- 
lytic particles to a second zone, sald catalytic 
particles being introduced into and withdrawn 
from said second zone in an amount suflicient to 
provide a second dense pseudo-liquld phase of 
 said particles of desired depth» maintaining floW 
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of vapors comprising the mixture of vaporous 
reaction products and volatilized catalyst up- 
wardly through the second zone at a relatively 
low velocity adapted, in combination with the 
introduction and vithdrawal of catalytic par- 
ticles to produce and maintain said second dense 
phase of catalytic particles in said second zone, 
maintaining the temperature of the dense 
pseudo-liquid phase of catalytic particles in the 
second zone ata sufficiently lower temperature 
than the conversion temperature of the con- 
version zone to condense and deposit volatilized 
catalyst on the powdered catalytic particles in 
said second dense phase, thereby recovering 
volatilized catalyst and regenerating the cata- 
lytic particles, recovering regenerated catalytic 
particles and passing them into the conversion 
zone as said catalytic particles introduced into 
said zone at a temperature and in an amount 
sufiicient, in combination with the temperature 
and amount of hydrogen chloride and oxygen- 
containing gases introduced thereinto, to main- 
tain catalytic activity and control the tempera- 
ture in the first dense phase of catalytic particles 
at said elevated temperature. 
18. A process for producing chlorine by the 
chemical interaction of hydrogen chloride with 
oxygen in the presence of a volatflizable solid 
catalyst supported on fine particles of catalyti- 
cally inert carrier material to form powdered 
catalytic particles which comprises establishing 
a highly turbulent pseudo-liquid dense phase of 
powdered catalytic particles superimposed by a 
light dispm'sed phase of said particles in a con- 
version zone by introducing into and withdraw- 
ing catalytic particles from said conversion zone 
in an amount sufiicient to provide a dense highly 
turbulent pseudo-liquid phase of catalytic_par- 
ticles of desired depth and flowing a mixture of 
hydrogen chloride gas and an oxygen-containing 
gas upwardiy through the conversion zone at a 
relatively low velocity adapted, in combination 
with the introduction and withdrawal of cata- 
lytic particles, to produce and maintain said 
dense phase of catalytic particles, af least a 
portion of said catalytic particles having a free 
settling rate sufficiently low to permit them fo 
be carried out of the dense phase af the main- 
tained low velocity, maintaining conversion con- 
ditions in said conversion zone at an elevated 
temperature and for a period of rime sufficient 
to effect the desired interaction of hydrogen 
chloride with oxygen and to volatflize at least 
part of the volatilizable catalyst from said parti- 
cles, withdrawing vaporons reaction products, 
with volatflized catalyst admixed therewith, and 
powdered catalytic particles from the conversion 
zone and passing said withdrawn mixture of 
products and volatilized catalyst and said cata- 
lytic particles fo a second zone, said catalytic 
particles being introduced into and withdrawn 
from said second zone in an amount suflicient fo 
provide a second highly turbulent dense pseudo- 
liquid phase of said particles of desired depth, 
maintaining flow of vapors comprising the mix- 
ture of vaporous reaction products and volatflized 
catalyst upwardly through the second zone ata 
relatively low velocity adapted, in combination 
with the introduction and withdrawal of cata- 
lytic particles fo produce and maintain said sec- 
ond dense phase of catalytic particles in said 
second zone, maintaining the temperature of the 
dense pseudo-liquid phase of catalytic particles 
in the second zone ata sufliciently lower rem- 
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perature than the conversion temperature of the 
conversion zone to condense and deposit volatil- 
ized catalyst on the powdered catalytic particles 
in said second dense phase, thereby recovering 
5 vo]atilized catalyst and regenerating the cata- 
lytic particles, recovering regenerated catalytic 
particles and passing them into the conversion 
zone as said catalytic particles introduced there- 
into. 
10 19. A process for producing chlorine by the 
chemical reaction of hydrogen chloride with 
oxygen in the presence of a volatilizable solid 
catalyst deposited on fine particles of a carrier 
material to form powdered catalytic particles, 
15 which comprises the steps of establishing a high- 
ly turbulent pseudo-liquid dense phase mass of 
the catalytic particles in a first conversion zone, 
introducing a vaporous feed mixture comprising 
hych.ogen chloride and an oxygen-containing gas 
20 into the conversion zone, flowing the vaporous 
feed mixture upwardly through the dense phase 
mass therein ata velocity and under conversion 
conditions at an elevated tempm'ature to react 
a major proportion of the hydrogen chloride with 
25 oxygen and fo volatilize af least part of the 
volatflizable catalyst from the carrier material, 
withdrawing frora the first conversion zone a 
mixed stream comprising vaporous reaction 
products, unreacted components of the feed mix- 
:;0 ture, volatilized catalyst and suspended catalytic 
particles, combining a relatively cool oxygen- 
containing gas with the mixed stream thereby 
producing a second vaporous 'feed mixture, 
passing the second feed mixture into a second 
::.5 turbulent pseudo-liquid dense phase mass of cata- 
lytic particles in a second conversion zone, flow- 
ing vapors of said second feed mixture upwardly 
through the second dense phase mass af a ve- 
!ocity and under conversion conditions ata rem- 
40 perature lower than said elevated temperature 
in the first conversion zone to effect further 
action of hydrogen chloride with oxygen and fo 
condense and deposit the volatilized catalyst 
component of said second feed mixture on cata- 
45 lytic particles in the second dense phase mass 
thereby recovering the volatilized catalyst and 
regenerating the particles, returning regenerated 
catalytic particles directly from the second dense 
phase mass to said flrst dense phase mass, sepa- 
5o rating vaporous reaction products from the sec- 
ond dense phase mass, recovering an oxygen- 
containing gas from the separated reaction 
products, cooling at least part of the oxygen- 
containing gas, then combining the cooled part 
55 with said withdrawn mixed stream from the iïrst 
conversion zone as the relatively cool oxygen- 
containing gas combined therewith. 
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